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Abstract 
For a long time, the problems of complex system mechanism of major engineering, such as lack of acknowledge, 
inconsistence of scale, insufficient quantification and lack of valid direct viewing evaluation tools lead to decision 
failures of major engineering projects. Under the view of engineering ecology, based on system theory and system 
ecology, employs system analysis method and ecological network analysis method, activates engineering. Given 
emergy as the uniform scale, adopting emergy analysis methods, building up emergy evaluation index system of 
major engineering can realize quantitative assessment of major engineering. Employing the integration of 
computational experiments methods and emergy analysis methods realizes the numerical simulation of complex 
system mechanism of major engineering; getting help from the integration of BIM, GIS and Multi-agent technique 
makes the linguistic expressions of space and analog simulation come true, to emerge ecological evolution. The study 
of this project, with theoretical significance and using value, converting comprehensive assessment to ecological 
assessment, provides brand-new theory, methods and decision tools for the evaluation of major engineering projects.  
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1. Introduction 
Major engineering projects change the regional spatial configurations and have earthshaking effect on 
the local social, environmental and economic development for its huge investment and large resource 
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consumption. While Chinese major engineering constructions have achieved remarkable results, the social 
disputes and risk caused by a number of major engineering projects and lessons from the failure of 
projects expose the problem of evaluation theory and method of Chinese major engineering projects. The 
first case of "walking" in the field of environmental protection in our country, Xiamen PX chemical 
project, has raised the thinking of the current project decision and evaluation theory. For the quantitative 
methods of the corresponding dimension are used in the technical, economic and environmental 
assessment resulting in each part out of touch, current comprehensive evaluations of the project lack of 
effective rigidity and cannot effectively control subjective human factors. In addition, the environmental 
and social costs of major projects cannot be quantitatively evaluated effectively resulting in the project 
evaluation results exaggerating the economic benefits. The evaluation of engineering project is lack of the 
unified standard of linking engineering, economy, environment and social system and it is difficult to 
realize the dimensional unification of each part of the system, which becomes formalistic and the 
bottleneck of the long-term existence of the evaluation. Can we find a unified scale that can connect 
complex dimension of engineering, economic, environmental and social systems to achieve the 
quantitative evaluation of engineering projects and control human factor. Is there any tool to show the 
consequences of major projects in the future? In this paper, the above problems are studied. 
 
Nomenclature 
 
BIM  Building Information Modeling 
ENA  Ecological Network Analysis 
EYR  Emergy Yield Ratio 
ELR  Emergy Loading Ratio  
EAR  Emergy Amplifying Ratio  
EER  Emergy Exchange Ratio  
ESI  Environmentally Sustainable Index 
GIS Geographic Information Systems 
USCG  United States Coast Guard 
 
2. Problems in the practice of major engineering projects in China 
In the past twenty years, Chinese engineering achievements have attracted worldwide attention, but the 
environmental and social problems caused by major projects cannot be ignored. Through the investigation 
of major projects in China, it can be summarized into two categories: The first is composed of major 
engineering projects that cause social disputes, as shown in Table 1:   
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Table 1. Major engineering projects that cause social disputes 
 
Order 
number 
Project name Project profile Social disputes (conflicts) 
1 
Xiamen PX 
chemical 
project 
The total investment of ten billion eight 
hundred million yuan, an annual output of 
paraxylene with eight hundred thousand tons, 
the Xiamen GDP contribution of eighty billion 
yuan each year. 
Defense risk of paraxylene explosion; the PX 
project's location, endocrine disturbance and 
risk caused by chronic exposure to low dose 
of toxic substances, contradiction with 
Xiamen city planning. 
2 
Yunnan 
Manwan 
Hydropower 
Station 
The total investment of 3.389 billion yuan, one 
of the national key construction project of 
Yunnan province since the founding of new 
China, power station of 1.5 million kW, play a 
pivotal role in Yunnan economic development 
and the prosperity and stability of the frontier. 
The original community organization in 
reservoir area is basically disintegrated, drug 
abuse, theft, fighting events occur frequently, 
the quality of life of residents in the reservoir 
area was obviously decreased. 
 
The second category includes major engineering projects considered "feasible" investment and "not 
feasible” practice, as shown in Table 2: 
  
Table 2. Typical infeasible "feasible" major projects 
 
Order 
number 
Project name Expected target Actual benefit 
1 
Sanmenxia 
Hydropower 
Station 
Sanmenxia water conservancy project is the 
first large-scale water conservancy 
constructed in the Yellow River, located in 
the middle reaches of the Yellow River, the 
junction of Henan Province, Shanxi province 
Pinglu county, with the benefit of 
comprehensive utilization of power 
generation, flood control, ice prevention and 
irrigation. The original design of the normal 
water level is 360m. Power station installed 
capacity is 1160Mw. The total investment 
budget for the project is 1.3 billion yuan. 
While the actual cost of the project sum up 
to 4 billion yuan. 
Annual average generating capacity is 6 billion 
kw·h. After the reservoir impoundment, After the 
reservoir water storage, A large number of 
farmland flooded and threatened the safety of 
towns because of the sediment deposition and the 
elevation of Reservoir bed. The flood of Weihe 
was caused by Sanmenxia in 2003, with direct 
economic loss of 2.3 billion yuan. Flood control, 
ice prevention, water supply, and other functions 
of the Sanmenxia reservoir are undertaken by 
Xiaolangdi reservoir.   
2 
Changle Fujian 
Airport 
Total investment is 2.7 billion yuan, 
including bank interest of 3.228 billion yuan. 
It is the largest civil aviation airport in 1997, 
with an actual terminal area of 130 thousand 
square meters. Its flight area that is the 
highest level of civil aviation 4E can 
accommodate the type of 747-400 aircraft 
taking off and landing and meet the long-
distance voyage, such as Southeast Asia, 
North America. 
The throughput of passengers and cargo in 2001 
only completed more than half of the predictive 
value of the research and is not to the 1/3 of the 
actual airport size. During the 5 years of 
navigation, losses reached 1.1 billion yuan. After 
the key audit of national audit office in 
November 2002, it has become negative example 
of domestic key construction projects, 
characterized as “major loss of state assets due to 
decisive failure”. 
3. Literature review 
3.1 Theory of engineering evaluation 
With the deep understanding of project, the project evaluation has been evaluated from the paradigm of 
technical and economic to comprehensive assessment of technology, economy, environment and society 
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at present. Since construction party of the Alaska pipeline project wrote report on the influence of Inuit 
culture (Inuit) under the requirements of “American Environmental Protection Act” (NEPA) in 1973, 
evaluation of social impact has attached more and more attention. Even the consideration sequence of 
world dam Committee (WCD) project decision is: social evaluation, ecological environment evaluation, 
economic and financial evaluation, management evaluation, and technical evaluation. In 2001, social 
evaluation is classified as an important part of investment project evaluation in “Chinese guide for 
feasibility study of investment project”. Previous research [1] discussed social migration caused by the 
Three Gorges Project and the resulting social and cultural changes. Although the development of project 
social impact assessment is still in the initial stage in our country, it has begun to bring to attention of the 
governments at all levels. Chinese National Development and Reform Commission issued “Outline of 
social stability risk assessment of major fixed asset investment projects” in 2013. So far, domestic 
environmental impact assessments have still undertaken the work of social impact assessments in the 
actual operation, such as “research on social impact assessment in environmental assessment” [2], and 
there are overlapping contents in the environmental impact assessment and social impact assessment [3]. 
3.2 Research status of project evaluation method 
Different qualitative and quantitative indexes and methods are developed in various parts of project 
comprehensive evaluation. And it is developing in the direction of quantitative evaluation. As the core 
position of economic evaluation, the environmental value method which is the main quantitative method 
of environmental assessment takes monetary method, such as direct market method, alternative market 
method and contingent valuation method. However, the quantitative method of technical evaluation uses 
the thermodynamic index. The most difficult to quantify is the social impact evaluation index. At present, 
the assessment method which is based on the perspective of sociology and anthropology is generally 
carried out in the world. Quantitative calculation is a difficult problem to solve [4]. It is clear that the 
bottleneck problem of project comprehensive evaluation is the dimensional unification of heterogeneous 
data. Ruan et al. [5] applied the emergy analysis method to the regional labor transfer, which provides a 
reference for the quantitative calculation of the social impact of the project. The emergy analysis method 
was also verified by the engineering application of the expansion project in Shanghai-Nanjing expressway 
[6]. The method can provide a new dimension for the analysis and evaluation of the environment, 
resources, human labor, information and development decision [7]. 
 
3.3 Research on engineering project evaluation tools 
 
The application of information technology in engineering project evaluation has developed slowly. In 
the past, people have tried to develop fuzzy comprehensive evaluation system and expert system, but they 
lack of practical application. The simulation and calculation of the major engineering project system is 
supported by the engineering information technology and the external space technology. This is also an 
important reason for the standstill and the lack of rigidity in research on the engineering project 
evaluation. In recent years, the development of building information modeling (BIM) provides a tool to 
extract the information of engineering ontology. At present, GIS technology has been widely used in the 
analysis of land, residential area, river basin, urban and other ecological, social and economic systems. 
Previous research [8] proposed the agent technology model of land use change, and got the extensive 
attention and development in the world. Multi-Agent technology has the characteristics of knowledge 
transfer, interaction, autonomy, and the reaction to the environment. It provides a way to simulate the 
interaction between natural and social economic system. Huang and Chen [9] used the emergy analysis 
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method and GIS technology to simulate the process of urbanization and urban metabolism of Taipei City, 
intuitively displayed social economic system evolution of Taipei City and evaluated the Taipei city 
expansion influence on the environment.  
4. Construction of ecological evaluation theory and method of major projects 
The first step of the scientific evaluation of the engineering project is to explore the basic law of the 
complex large system, study and develop the Eco-centric method [10]. The advantage of emergy analysis 
method is that it can simulate material energy and information flow of environmental, social and 
economic system. This method makes up the defect that monetary standards cannot measure the 
contribution of nature to economic development. 
 
4.1 Ecological assumptions of engineering projects  
 
Engineering project ecosystem is a kind of analogy, which is a large ecological system from the 
perspective of ecology. By applying urban ecology which is the branch discipline of ecology, the city is a 
large artificial ecosystem and it can be described from three aspects: history, structure and function. In the 
urban and regional ecological system, which is the center of human activities, engineering project 
ecological system is made up of public works as the main subject including environment, economy, 
society, project and other project organization. With the development process of social economy and 
technology, the engineering projects become more and more complex, more and more perfect. 
Engineering project ecological system of which the main subject is public works is the lifeline of urban 
functions and also a subsystem of urban ecosystem (area). Like natural ecosystems, public work 
ecosystem has similar levels of structure, vertical and horizontal spatial distribution, material cycle, 
energy flow, information transmission and depends on resources and service provided by the biosphere. 
The relationship between the engineering project ecosystem and the ecosystem is shown in Figure 1 
below. Four system, environment , economic , engineering and society have experienced five phrases, 
Isolated, Contain, Nest, Fuse and Unite. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Evolution of relationship recognition among  economic-environment-society ecosystems 
 
Engineering, social, environmental and economic systems are all the subsystems of the biosphere. 
They are symbiotic system, which is based on the most ideal ecological relationship--symbiotic 
relationship in ecosystem. Project interacts with economic, environmental, social systems to exchange 
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material and energy, and output feedback, all united in the “emergy” which is the most basic concepts and 
standards [6]. 
 
5. Development of an ecological evaluation system for major projects 
The ecological evaluation emergy index system for major projects is based on Odum’s emergy index 
system of urban ecological system [11], meeting the requirements of sustainable development. To this 
end, the system can be divided into the emergy index system of engineering subsystem, environmental 
subsystem, economic subsystem and social subsystem. The structure, function and efficiency of the whole 
system are key part of the evaluation. The independent indexes of emergy index system of Odum are 
preserved: Emergy Yield Ratio (EYR), Emergy Loading Ratio (ELR), Emergy Amplifying Ratio (EAR), 
Emergy Exchange Ratio (EER), and Environmentally Sustainable index (ESI). 
 
5. 1 Integrated evaluation of major projects 
 
From the perspective of complex systems, the evaluation of major projects is an integration of 
theories, methods and technologies to solve the problem, namely theory integration, methods integration 
and technology integration. In order to reveal the rules of major projects, a dual method is adopted. In the 
method, the application problem of the major engineering evaluation is the quantitative expression of the 
rules, using the Emergy Analysis method and MATLAB to calculate the experiment numerical 
simulation. In the evaluation results, a further analog simulation is conducted by BIM technology, GIS 
technology and M-agent technology. Thus the system of major projects achieves a unified measurement, 
as displayed in Figure 2. 
 
Fig. 2.  Integration assessment  
However, as stated in the literature review, a bottleneck problem in the evaluation and decision of 
major projects is that the engineering effect cannot be directly demonstrated. For example, the impact of 
the construction of the project on the location of the project, such as the result of a large number of non-
voluntary migrants, the impact of construction noise on the residents, is just the social impact. And the 
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construction process has effect on the environment. Dust and noise have effect on animal, plant, and 
water environment. Therefore, the integration technology is divided into two levels: numerical simulation 
and analog simulation. 
 
5.2 System design of integrated evaluation  
 
Using BIM tools and ArcGIS as platform, the extraction of engineering system information completed 
by BIM tools, the extraction of information of environmental and social system completed by GIS, 
Adopting the integration of BIM and GIS technology realizes the simulation of ecological system of 
major projects. The behavior simulation of the individual in the system is achieved by the Multi-Agent 
technology. Multi-agent technology can provide a modeling tool for complex system's behavior 
description, time information and spatial information. Multiple Agent models are classified into different 
data Agent groups according to their functions, such as Resource Agent Group, Port Agent Group, 
Behavior Management Agent Group, Logic Management Agent Group. Different groups are divided into 
different kinds of Agent, including Engineering Agent, Environmental Agent, Social Agent, Economic 
Agent and Agent and their son Agent such as Management Agent, Residential Agent, Community Agent, 
Animal Agent, Land Agent, Forest Agent, Industry Agent, and Architecture Agent and they are defined to 
describe the type, behavior way, and reaction of subjects. The initial design of the system structure is four 
layers of structure, user layer, functional layer, data layer and maintenance layer, and the Middle ware is 
used. It is proved that Repast, Revit, and ArcGIS are chosen as the corresponding Agent model platform, 
BIM tools platform, and GIS platform. Using the integration approach of ABM (Agent Based Model)-
Centric, the Repast development platform provides the Java class library, which is used to create a 
simulation environment and run, display the results and collect data. Java language is used as a 
development tool for programming and Matlab is used to design interactive device to realize the 
interaction of heterogeneous data [12]. 
 
Conclusions  
 
The current comprehensive evaluation of the project lack of effective rigidity and cannot control 
subjective human factors. Because technical, economic and environmental assessment adopt 
quantification methods of different dimensional system, resulting in each part out of touch, the and 
effectively. In addition, the environmental and social costs of major projects cannot be effectively 
quantitative assessed, resulting in the project evaluation results exaggerating the economic benefits. 
Therefore, using a unified standard to connect the complex dimensions of engineering, economic, 
environmental and social system and realize the quantification of the evaluation of the project can reduce 
or control the interference of human factors. At the same time, we need to find technical tools to show the 
future consequences of major projects to support decision-making. 
Then the engineering evaluation is divided into two steps. The first step is to achieve quantitative 
evaluation of engineering and construct the ecological evaluation system and methods of the major 
projects. The second step is to propose integrated evaluation ideas of major projects and design the 
integrated evaluation system of major projects, to achieve the effect of major engineering construction of 
the life cycle. 
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